I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

In the past 30 years, lung transplantation (LTx) has emerged as a lifesaving therapy for patients with end-stage lung disease. In China, the first successful clinical procedure was performed in 1979.\[[@ref1]\] An increasing number of lung transplants have been performed during the last decade. The growing number of LTx and the relative scarcity of suitable donor lungs have resulted in a longer wait-time for transplantation and an increasing mortality during the waiting period. Apart from the lung allocation score (LAS) in North America, no other reasonable score system is available in other countries, including China. LAS takes the type of native disease and medical urgency into account, but the specific factors affecting the survival in patients referred for LTx still have not been investigated extensively. There should be some differences in the spectrum of native disease, economic status, and health education of patients in different countries. The purpose of this retrospective study was to characterize the outcome of patients referred for LTx in the Chinese population and to identify the predictors of death while on the waitlist to be able to identify patients who should be prioritized for LTx.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

Patient population {#sec2-1}
------------------

This study was approved by the Ethics Committee of Shanghai Pulmonary Hospital, Tongji University School of Medicine and performed in accordance with the principles of the *Declaration of Helsinki*. From January 2003 to November 2013, 249 patients with end-stage lung disease were registered for LTx in Shanghai Pulmonary Hospital. LTx was indicated for patients with severe pulmonary dysfunction, severe exercise intolerance, and medical treatment inefficacy.\[[@ref2]\] Of these, 146 patients (58.6%) were excluded from the waitlist due to poor economic conditions and were unable to be followed up regularly after transplantation. Therefore, only 103 patients were enrolled in this study. The clinical data of patients were collected and reviewed, including demographic characteristics, lung function, and outcomes during the waiting period.

Pretransplantation assessment {#sec2-2}
-----------------------------

These patients underwent a battery of examinations before transplantation, including routine blood tests, liver and renal function tests, pulmonary function tests, arterial blood gas analysis, 6-min walk test, chest imaging examination (plain chest X-ray and computed tomography), ventilation-perfusion lung scan, fiberoptic bronchoscopy, abdominal ultrasound scan, ultrasonic cardiogram, electrocardiogram, cardiac catheterization, and nutrition status evaluation.

Statistical analysis {#sec2-3}
--------------------

Statistical analysis was performed using SPSS 19.0 for Windows (SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as mean ± standard deviation (SD) or median (range) and analyzed by the Student--Newman--Keuls or the Mann--Whitney *U*-test. Categorical variables were presented as numerical values and percentages and analyzed using Pearson\'s Chi-square or Fisher\'s exact test. Survival analysis was performed using the Kaplan--Meier method and compared with the log-rank test. All tests were two-sided. A *P* \< 0.05 was considered statistically significant.

The relationship between predictors and survival was evaluated by Cox proportional hazards model. The patients that were transplanted were censored at the time of transplantation. In this model, the predictors included primary lung diseases (dummy variables for idiopathic pulmonary fibrosis \[IPF\] and "Other" with chronic obstructive pulmonary disease \[COPD\] as the reference), mechanical ventilation (MV), steroid use, oxygen use, mean pulmonary arterial pressure (mPAP), PaO~2~/FiO~2~, forced expiratory volume in 1 s of predicted value, blood type, body mass index, hypertension, and diabetes. Time zero was defined as the time from study entry to death before transplantation or to transplantation or last known contact alive.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Patient characteristics {#sec2-4}
-----------------------

In total, 103 patients with end-stage pulmonary diseases were included in the study, including 89 males (86.4%) and 14 females (13.6%) with a mean age of 54.6 ± 11.3 years (range: 11.0--76.0 years). The characteristics of patients are presented in [Table 1](#T1){ref-type="table"}. The median age of COPD patients was higher than that of others (58.0 years vs. 53.5 years). Most patients came from East China (73.8%, 76/103).

###### 

The demographic characteristics of patients referred for lung transplantation

  Characteristics               Total (*N* = 103)   The survival group (*n* = 78)   The death group (*n* = 25)   Statistical values   *P*
  ----------------------------- ------------------- ------------------------------- ---------------------------- -------------------- -------
  Age (years)                   54.6 ± 11.3         54.0 ± 11.0                     56.2 ± 12.0                  0.854\*              0.395
  Male, *n* (%)                 89 (86.4)           69 (88.5)                       20 (80.0)                    0.546^†^             0.460
  BMI (kg/m^2^)                 20.8 ± 3.9          20.7 ± 3.8                      21.2 ± 3.9                   0.567\*              0.572
  6-MWD (m)                     269.7 ± 144.2       257.3 ± 163.5                   303.8 ± 76.5                 0.538\*              0.600
  mPAP (mmHg)                   43.6 ± 17.2         42.7 ± 14.7                     54.3 ± 25.9                  2.307\*              0.024
  Creatinine (μmol/L)           60.9 ± 20.1         58.2 ± 13.9                     66.8 ± 29.0                  1.726\*              0.089
  Blood type, *n* (%)                                                                                                                 
   A                            27 (26.2)           21 (26.9)                       6 (24.0)                     3.443^†^             0.328
   B                            29 (28.2)           25 (32.1)                       4 (16.0)                                          
   AB                           11 (10.7)           7 (9.0)                         4 (16.0)                                          
   O                            36 (35.1)           25 (32.1)                       11 (44.0)                                         
  Lung function test                                                                                                                  
   FEV~1~ (L)                   0.8 ± 0.5           0.8 ± 0.5                       0.9 ± 0.5                    0.592\*              0.556
   FEV~1~ (%), predicted        27.0 ± 17.9         25.4 ± 17.1                     32.8 ± 20.2                  1.337\*              0.186
   FVC (%), predicted           45.9 ± 18.9         47.6 ± 20.1                     40.0 ± 12.6                  −1.337\*             0.186
  Arterial blood gas analysis                                                                                                         
   PaO~2~ (mmHg)                62.5 ± 18.3         63.0 ± 17.8                     61.2 ± 20.0                  −0.434\*             0.665
   PaCO~2~ (mmHg)               46.4 ± 15.6         47.4 ± 15.2                     43.5 ± 16.7                  −1.085\*             0.281
   PF ratio                     201.6 ± 59.7        203.8 ± 56.6                    195.0 ± 69.3                 −0.637\*             0.525
  Complications, *n* (%)                                                                                                              
   Hypertension                 19 (18.8)           12 (15.8)                       7 (28.0)                     1.124^†^             0.289
   DM                           9 (8.9)             5 (6.6)                         4 (16.0)                     1.060^†^             0.303
  Primary diseases, *n* (%)                                                                                                           
   IPF                          30 (29.1)           18 (23.1)                       12 (48.0)                    10.150^†^            0.006
   COPD                         57 (55.3)           50 (64.1)                       7 (28.0)                                          
   Others                       16 (15.5)           10 (12.8)                       6 (24.0)                                          
  Use of steroid, *n* (%)       20 (19.4)           13 (17.3)                       7 (28.0)                     1.333^†^             0.248
  Use of MV, *n* (%)            14 (13.6)           7 (9.0)                         7 (28.0)                     4.327^†^             0.038

All data are shown as means ± SD unless otherwise indicated. \**t* values; ^†^Chi-square values. BMI: Body mass index; 6-MWD: 6-min walk distance; mPAP: Mean pulmonary arterial pressure; FEV1: Forced expiratory volume at 1 s; FVC: Forced vital capacity; HBP: High blood pressure; DM: Diabetes mellitus; COPD: Chronic obstructive pulmonary disease; IPF: Idiopathic pulmonary fibrosis; PF: Pulmonary fibrosis; MV: Mechanical ventilation; SD: Standard deviation.

Pulmonary function measurement {#sec2-5}
------------------------------

All patients needed oxygen therapy and 14 (13.6%) patients required MV. Forty-two patients (40.8%) were intolerant to the exercise of the pulmonary function test. The results of lung function test in the other 61 patients are shown in [Table 1](#T1){ref-type="table"}. Only 25 patients (24.3%) finished the 6-min walk test, the mean walking distance was 269.7 ± 144.2 m (range: 28.0--433.0 m).

Outcome and prognosis factors {#sec2-6}
-----------------------------

The median follow-up time was 98 days (range: 1--2315 days). Twenty-five patients (24.3%) died while waiting. Fifty patients (48.5%) underwent LTx, and 28 patients (27.2%) are still on the waitlist. The mean wait-time was longer (386.2 days vs. 128.0 days, *t* = 2.133, *P* = 0.035), and the mPAP was lower (42.7 ± 14.7 mmHg vs. 54.3 ± 25.9 mmHg, *P* = 0.024) in the survival group than in the death group. In the death group, the mean survival time was shorter in patients with IPF than in other candidates (103.3 days vs. 154.8 days, *t* = 0.859, *P* = 0.400).

Compared to IPF patients, candidates with COPD had the higher chance of transplantation (54.4% vs. 43.3%, *χ*^2^ = 0.961, *P* = 0.328). However, patients with IPF had a higher mortality while awaiting LTx (40.0% vs. 12.3%, *χ*^2^ = 8.847, *P* = 0.003). There were significant differences in the survival rates between the primary diseases, the use of MV, and mPAP \[all *P* \< 0.05; [Figure 1](#F1){ref-type="fig"} and [Table 1](#T1){ref-type="table"}\].

![(a-c) The differences in survival between patients with mean pulmonary arterial pressure ≤40 mmHg versus \>40 mmHg, chronic obstructive pulmonary disease versus idiopathic pulmonary fibrosis, using mechanical ventilation versus not using mechanical ventilation were statistically significant (all *P* \< 0.05). (d) The difference in survival between idiopathic pulmonary fibrosis patients using mechanical ventilation versus not using mechanical ventilation was also statistically significant (*P* \< 0.001).](CMJ-129-3-g001){#F1}

The influence of these parameters on survival while awaiting LTx was further illustrated by survival estimates using the Kaplan--Meier method \[[Figure 1](#F1){ref-type="fig"}\]. Patients with mPAP ≤40 mmHg had better 1-year survival rate than those with mPAP \>40 mmHg (82.5% vs. 63.2%, *χ*^2^ = 3.881, *P* = 0.049). Compared to those with COPD, candidates with IPF had a worse 1-year survival rate (46.9% vs. 77.9%, *χ*^2^ = 11.796, *P* = 0.001). There was a significant difference in 1-year survival rate between patients that required MV and those that did not (44.2% vs. 68.2%, *χ*^2^ = 15.473, *P* \< 0.001). A stratified analysis showed that none of the patients with IPF that required MV survived to 1 year; however, the 1-year survival rate was 61.7% in those without using MV (*P* \< 0.001).

Steroid use, mPAP level, the use of MV, and primary disease were further evaluated in the Cox proportional hazards mode, and the results are presented in [Table 2](#T2){ref-type="table"}. Two variables, using MV and IPF but not COPD as primary disease, emerged as significant independent risk factors for death on the waitlist (hazard ratio \[*HR*\] = 56.048, 95% confidence interval \[*CI*\]: 3.935--798.263, *P* = 0.003 and *HR* = 14.859, 95% *CI*: 2.695--81.932, *P* = 0.002, respectively).

###### 

Cox proportional hazards multivariable analyses results

  Variables                  Univariate analysis   Multivariate analysis           
  -------------------------- --------------------- ----------------------- ------- -------------------------
  Use of steroid             0.109                 2.072 (0.851--5.043)    0.280   
  mPAP \>40 mmHg             0.070                 4.208 (0.890--19.892)   0.261   
  Use of MV                  \<0.001               5.097 (2.069--12.553)   0.003   56.048 (3.935--798.263)
  Type of primary diseases                                                         
   IPF versus COPD           0.002                 4.448 (1.746--11.333)   0.002   14.859 (2.695--81.932)
   Others versus COPD        0.387                 1.721 (0.502--5.897)    0.024   10.908 (1.367--87.014)
   IPF versus others         0.103                 2.584 (0.827--8.077)    0.726   1.362 (0.241--7.687)

mPAP: Mean pulmonary arterial pressure; MV: Mechanical ventilation; COPD: Chronic obstructive pulmonary disease; IPF: Idiopathic pulmonary fibrosis; *HR*: Hazard ratio; *CI*: Confidence interval.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

There has been a long history of LTx in China, but so far the volume of LTx is very limited compared to that in the west countries. For a long time, Chinese legal progress in organ donation and allocation has lagged behind the advance of transplantation technique. However, in 2006 China developed a new national program for deceased-organ donation, which adheres to the World Health Organization guiding principles, is compliant with the *Declaration of Istanbul*, and respects the cultural and social values of the Chinese people.\[[@ref3][@ref4][@ref5]\] In China, the first LTx, for which the donor lungs were obtained through brain death organ donation, was performed in 2007.\[[@ref6]\] However, the shortage of legal and reasonable lung donors is still a fundamental bottleneck for LTx in China.

In addition to the limited reasonable lung donors, one of the most important problems hindering Chinese LTx is the patient\'s socioeconomic status. The Chinese government has made huge progress helping to provide citizens with medical insurance, and many diseases, including liver and renal transplantation, are covered by this insurance; however, LTx is often not covered. There is a significant demand for LTxs, but most patients with end-stage lung disease, especially in West and North China, cannot afford this expensive therapy. Most of the LTx procedures have been performed in prosperous East China, such as in Shanghai.

The timing of referral of a potential candidate to the LTx center has a great impact on patient survival during the wait period. According to data from China, the prevalence of spirometric-detected COPD in people aged ≥40 years has been reported to be 8% and COPD causes approximately 2.1 million deaths every year.\[[@ref7][@ref8]\] Our hospital is one of the most important medical centers for pulmonary diseases in China, but there have only been 249 referrals for LTx in our center during the last decade. The reasons vary. Besides the patients' poor socioeconomic status, the majority of people including respiratory physicians do not know the prognosis of LTx. Many patients' conditions were usually too severe to survive the long wait period when they were a referral for LTx. Eight patients (8/25, 32%) died in 30 days after registering for LTx in this study. Although heart-lung support technology develops rapidly along with the development of modern medicine, the mortality of severely sick patients is still very high when waiting for transplantation.\[[@ref9]\] There were approximately 13.6% (14/103) patients that needed the MV pretransplantation in this study, and the mortality of these patients was significantly higher than that of others (50.0% vs. 20.2%, *P* = 0.038). Therefore, it is necessary to educate patients and their families as well as respiratory physicians that early evaluation for LTx is an important measure to decrease mortality during the wait period.

The data released by the United Network for Organ Sharing (UNOS) in America showed that the type of end-stage lung disease is an important factor influencing the prognosis of patients during the wait period.\[[@ref10]\] The pulmonary function of patients with some diseases such as IPF usually deteriorates too rapidly to undergo transplantation. Our study revealed that compared with patients with COPD, the mortality of patients with IPF during the wait period was much higher, and patients with COPD had a higher chance of transplantation. In contrast, the survival time of patients with IPF during the wait period was obviously shorter than for other patients. The UNOS study also reported that the mortality of patients with IPF was higher during the wait period and supported that those patients should have priority in LTx. The mortality of patients with different diseases varied very much, which implied that types of diseases should be strongly considered when listing patients for transplantation.

A lot of patients have end-stage lung disease complicated with pulmonary hypertension, which may progress and result in right heart failure. Arcasoy *et al*.\[[@ref11]\] believed that pulmonary artery pressure gradually increased when awaiting LTx, and it was a strong predictor of death during the wait period. Our study also demonstrated that the mPAP was significantly higher in patients who died while awaiting transplantation (*P* = 0.024). Therefore, it is necessary to evaluate pulmonary hemodynamics and the right heart function precisely when the patient has pulmonary hypertension during the waiting period. In recent years, with the development of extracorporeal life support system, many severely ill patients have received effective treatment. However, it is controversial in the use of extracorporeal life support system prior to LTx can improve the mortality awaiting transplantation.\[[@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] In addition, due to its high cost, it is not feasible to use this support system in developing countries, including China.

In our center, except for extremely severe patients, the majority of patients were listed for transplantation based on the length of their wait-time. Although early waitlisting is advantageous for those with an early stage of their disease, there is a major disadvantage for those with rapidly progressive illness or for those with late stage of their disease. Since the LAS was developed in 2005, the wait-time for critically ill patients has been decreased, and the waitlist mortality has been significantly reduced in the USA.\[[@ref9]\] However, in China there is no related scoring system prioritizing patients based on the urgency of their diseases. Therefore, a reasonable LAS is urgently needed, in addition to a need to increase the pool of legal lung donation. Our study revealed that 1/4 of patients died during the wait period as a result of the limited donor lungs, which was similar to results from other studies.\[[@ref18][@ref19][@ref20]\]

The primary limitation of this study was that it was a retrospective single-center study, and there were censored data in the survival analysis because almost half of the candidates underwent LTx successfully. Nevertheless, our study confirmed that the type of end-stage lung disease, pulmonary hypertension and the use of MV may be distinctive prognostic factors for death on the waitlist. When determining the lung allocation schemes, the type of disease and the medical urgency of transplantation should both be taken into account. It may offer some limited evidence for the development of a future LAS in China.
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